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Abstract. Shelling drums have an important effect on the performance of machinery used 
in maize harvesting. This study was aimed to develop axial flow drums for a maize shelling 
unit. They were 900 mm long and 300 mm in diameter. Comparative maize shelling 
experiments were carried out with peg-toothed (A), peg-rasp bar-toothed (B), peg-
rectangular-toothed (C), and disc peg (D) drums with four levels of concave clearance 
(CC), 15, 20, 25, and 30 mm and three rotor speeds (RS), 6, 10, and 14 m/s. The results 
showed that the CC had a significant effect on the shelling efficiency (SE) and total losses 
(TL), while grain breakage (GB) was not significant.  Furthermore, no interaction was 
found between the power requirements (P) and the specific energy consumption (SEC), 
the SE, and the GB.  However, interaction between TL, P, and SEC was found with 
various drum types and the CC. The RS was found to have a significant effect on the SE, 
TL, GB, P, and SEC with different drum types. Moreover, the interaction between the 
drum types and the RS affected shelling at the α=0.05 level. Furthermore, it was found 
that the Type D drum had higher performance in shelling maize. 
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1. Introduction 
 
Maize is an economically important crop used by the 
world’s animal feed industry [1, 2].  Also, it can be 
extracted and made into food and industrial products 
such as starch, oil, glue, and industrial alcohol [3, 4, 5].  
Further processing increases the value of maize [6]. 
Currently, the demand for maize is increasing, arising 
from the expansion of the animal husbandry and animal 
feed industries, as well as from the practice of using 
maize as a raw material to create sources of energy such 
as fuel ethanol and biodiesel [7, 8].  As its demand 
increases, cultivation area has to be expanded to meet 
production demand.  The United States, China, and 
Brazil are the leading maize producing countries in the 
world, harvesting approximately 563 of the 717 million 
metric tons produced annually [5]. When maize is sold, 
moisture content can be high, which can yield low-quality 
products. Therefore, farmers have to carefully maintain 
the quality of their maize [9, 10] especially during 
harvesting and shelling, which is an important process 
that affects maize transport, manufacturing, storage, and 
trading [11]. 
Most maize shelling in Asia is done using peg-tooth 
shelling machines, which have been modified from 
threshing machinery [11]. Maize shelling can be done in 
two ways that are using mechanical and manual type. 
Most non-peeling maize shelling uses peg teeth, which 
results in high total losses and grain breakage. Therefore, 
to increase the maize shelling performance in axial flow, 
adjustments can be made that can affect the threshing 
efficiency, total losses, and grain breakage. 
Axial flow rice threshers have been modified to shell 
maize and serve as multi-functional combine harvesters 
[11, 12]. These modifications resulted in large, 
heavyweight and expensive machinery that is suitable for 
large flat and some hillside sloped areas. Lightweight 
harvesting machinery is required in other areas.  
A maize shelling machine was developed that could 
be installed on a tractor with a shelling unit having a 
length not exceeding 900 mm. Although such maize 
shelling machines have been developed, high threshing 
loss and grain breakage are still big problems [11, 13, 14]. 
Chuan-Udom et al. [15] studied peg-tooth spacing 
and guide vane inclination. They found that both the 
peg-tooth clearance and guide vane inclination affect 
losses. Chuan Udom [11] studied the operation of Thai 
threshers to determine the factors that affect maize 
shelling losses. He found that both the guide vane 
inclination and the moisture content impact losses. 
Saeng-ong et al. [13] found that increasing the guide vane 
inclination and rotor speed resulted in decreased losses. 
Srison et al. [12, 14] studied the design factors that had 
affected losses and operating factors for an axial-flow 
corn shelling unit. It was found that moisture content 
affected grain breakage and power requirements, that the 
feed rate affected power requirements, and that rotor 
speed impacted total losses, grain breakage and power 
requirements. Moreover, it was found that the peg tooth 
clearance, concave rod clearance, and concave clearance 
affected the total losses. From a study of the concave 
design for high-moisture corn by Steponavičius et al. [16] 
it found that increases in concave clearance resulted in 
greater total losses. 
Sudajan et al. [17] studied the influence of various 
drum types and their effects on sunflower threshing. It 
was found that the rasp bar drum was highly efficient 
and that the amount of grain breakage was less than 
found with a peg-tooth drum. Ukatu [18] studied a 
modified threshing unit for soya beans and discovered 
that a high-efficiency modified drum showed less grain 
breakage than a peg-toothed drum.  FAO [19] reported 
that present world production is about 594 million tons 
grain, but 1% of grain losses has cost about 136 million 
USD. Therefore, this research was aimed to studying the 
development of drums for an axial flow maize shelling 
unit types to increase the shelling efficiency, reduce the 
total losses and grain breakage. This would be beneficial 
to agricultural machinery users, operators, and 
manufacturers of shelling equipment to reduce 
harvesting losses.  
 
2. Material and Methods 
 
2.1. Maize Shelling Unit 
 
This study was conducted using an axial flow maize 
shelling machine at the Applied Engineering for 
Important Crops of the Northeast Research Group of 
Khon Kaen University in Thailand. This machine is 
shown in Fig. 1. The shelling unit was 900 mm long and 
300 mm in diameter.  The unit was fitted with a 5.59 kW 
electric motor that could be used to control rotor speed. 
The concave surface was made from a curved steel bar, 
while the bottom had a chute for the grain with nine 
slots, each 100 mm in width.  The guide vane inclination 
could be adjusted and the feed rate of the conveyor belt 
controlled. The four types of shelling units described 
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Fig. 1. Maize shelling machine. 
 
All of the maize shelling units were 900 mm in 
length, 300 mm in diameter, with peg teeth for shelling 
(11 mm in diameter and 65 mm long), and four shelling 
bars, as shown in Fig. 2. 
The peg-toothed (A) shelling unit had 40 teeth with a 
100 mm spacing.  
The peg-rasp bar-toothed (B) shelling unit had a 225 
mm long rasp that was 45 mm wide and a height of 27.50 
mm. Additionally, there were a total of 12 pieces. 
The peg-rectangular-toothed (C) shelling unit was 
2 2 5  mm long, 50 mm wide with a height of 27.50 mm. 
Furthermore, it had six pieces with two teeth, while the 
other six pieces had three teeth that were 20  mm wide 
and 50 mm long. 
The disc peg (D) shelling unit had 11 mm thick pegs 
with a 100 mm spacing. The radius of the curvature of 







Fig. 2. Structural design of four thresher types: Peg-toothed (A), Peg-Rasp bar-toothed (B), Peg-Rectangular-toothed 
(C), and Disc pegs (D). 
 
2.2. Shelling Drum Types 
 
Each type of drum shelling unit had its own shelling 
mechanism. Drum A is a common style used by 
entrepreneurs and farmers. It was modified from an axial 
flow rice thresher [11]. 
Drum B had peg teeth. It was used to remove maize 
husks. After husks were removed, maize was shelled 
using a rasp bar drum to remove grain from the cobs. 
Drum C was similar to Drum B, but it use a round 
steel part that removed husks from the maize and caused 
grains to fall off of the cobs [20]. 
Drum D rotated, impacting the grain with a force 
(F), acting along a line (L) as shown in Fig. 3(a). This 
results in a high force imparted by the peg (P) and to the 
maize grain. From Fig. 3(b), it can be seen that peg PD 
has a curved shape, which impacts the grain at a force of 
impact (F′) and acting along line (L′), which is inclined to 
DOI:10.4186/ej.2021.25.2.59 
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the horizontal at an angle θ. This causes less impact force 




Fig. 3. The principles of direct (a) and oblique impact (b): 
L and L' lines of impact; F and F', impact force of 
straight peg P and curved peg PD on maize: θ, angle of F'.  
 
2.3. Factors Studied and Experimental Design 
 
Drum types and concave clearance (CC) affecting 
performance. To find a suitable CC, four drum shapes 
were tested with four levels of CC (15, 20, 25, and 30 
mm.), a constant rotor speed (RS) of 10 m/s, a constant 
guide vane inclination (87 degrees), and a constant feed 
rate of 1.75 t/hr.  
Drum types and RS affecting performance. To find a 
suitable RS, the four drum shapes, three levels of RS (6, 
10 and 14 m/s.) were examined with a constant CC of 15 
mm, a constant guide vane inclination of 87 degrees, and 
a constant feed rate at 1.75 t/hr. In experiments 
examining the effects of drum type, concave clearance 
and rotor speed, the parameter values used are suitable 
for maize harvesting [11, 12, 13]. For these tests, a 
factorial in Randomized Complete Block Design [RCBD 
(4x4)] with three replicates. 
 
2.4. Testing Method 
 
Each test used 10 kg of maize. All data were 
collected based on the discharged maize cobs at the 
maize husk outlet. The materials were separated and 
cleaned to determine the weight of the grain. This was 
used to determine the shelling unit efficiency and the 
shelling unit losses. A 1 kg sample was randomly taken 
from the chute to determine the weight of broken grains. 
In these experiments, the power (P) and SEC values for 
shelling were measured using a torque sensor (SG Link 
Model; Lord Micro Strain; Williston, VT, USA). 
 
2.5. Indicator Values 
 
The indicator values consisted of Shelling efficiency, 
total losses, grain breakage, power, and specific energy 
consumption calculations based on the Regional 
Network for Agricultural Machinery (RNAM) test codes 
[21]. 
 SE is defined as the ratio of the weight of the 
grain and weight of the grain that is not on the cob to the 
weight of the grain collected under the threshing mesh 







where SE was the shelling efficiency (%), A is the 
grain weight of all the shelled grain at the main grain 
outlet, B was the weight of the shelled grain at husks and 
cobs outlet, and WT is the weight of all the shelled and 
the unshelled grain. Shelling unit losses or total losses 







where TL is the total losses from the shelling unit, 
M1 was the grain weight of the shelled grain at the cob 
and husk outlet, and M2 is the grain weight of the 
unshelled grain at the cob and husk outlet. GB is the 
ratio of broken grains, weighed after shelling, per the 
weight of grains sampled from the collection tray after 







 where GB is grain breakage (%), MB is the grain 
weight of all broken grains, and WR is the random weight 
of shelled grain after cleaning. Power consumption (P), 







where P is power requirement (Watts), n is the rotor 
speed (rpm), and T is the electric motor torque (N-m). 







 where SEC is the specific energy consumption in 
W-hr/t, P is the required power in Watts, and FR is the 
feed rate of the feeder in t/hr. 
 
2.6. Data Analysis 
  
 From the obtained factors, the shelling efficiency, 
total losses, grain breakage, power requirements, and 
specific energy consumption were used as the indicators 
in the statistical analysis.  Then the results of the study 
were compared by Duncan’s Multiple Range Test 
(DMRT). Also, the SPSS Statistics 19.0 was used as the 
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3. Results and Discussion  
  
3.1. Comparison of Each Drum Type 
 
The variances for each drum type were analyzed to 
determine how concave clearance (CC) affected Shelling 
efficiency (SE), total losses (TL), grain breakage (GB), 
power requirements (P), and specific energy 
consumption (SEC). When the drum types were 
changed, the SE, TL, GB, P and SEC were significantly 
different. They were also affected when the CC was 
adjusted from 15 to 30 mm. The effects to both the SE 
and the TL were found to be statistically significant, 
which was consistent with findings of Srison et al. [14], 
found that the peg tooth clearance, concave rod 
clearance, and concave clearance had significantly 
affected to the shelling unit loss and power consumption, 
but had not affected to the grain breakage. The GB, P, 
and SEC were not statistically different. There was no 
interaction between drum type and CC with respect to 
SE and GB. Moreover, for TL, P, and SEC, there was 
interaction between drum type and CC. These results are 
shown in Table 1. 
When the drum type and the rotor speed were 
changed, SE, TL, GB, P, and SEC were statistically 
different, which is consistent with results of Saeng-ong et 
al. [13] and Srison et al. [14], who found the increasing of 
rotor speed had affected the total loss decreased, but the 
grain breakage, power requirements, and specific energy 
consumption were increased.  The interaction between 
the drum types and the rotor speeds (RS) is shown in 
Table 2. 
 
Table 1. An Analysis of the variances of SE, TL, GB, P and SEC resulting from CC. 
 
Source of Variation SE TL GB P SEC 
Drum type 117.849* 301.825* 8.069* 6.741* 6.754* 
CC 10.274* 18.124* 0.258ns 1.163ns 1.171ns 
Block 1.188ns 0.802ns 1.032ns 2.827ns 2.828ns 
Drum type*CC 1.432ns 2.501* 0.931ns 3.343* 3.342* 
ns = Not significant, * = Significant at p < 0.05 
 
Table 2. An Analysis of variances of SE, TL, GB, P, and SEC resulting from RS. 
 
Sources of Variation SE TL GB P SEC 
Drum type 451.365* 524.304* 15.882* 22.181* 22.199* 
RS 550.802* 619.040* 58.213* 308.157* 308.294* 
Block 0.501ns 0.018ns 0.804ns 2.317ns 2.318ns 
Drum type*RS 44.804* 57.071* 4.426* 10.270* 10.277* 
ns = Not significant, * = Significant at p < 0.05 
 
After comparing the mean values using DMRT 
( Duncan's Multiple Range Test) , adjusting the CC and 
changing the drum types affected maize shelling 
performance. It was found that when the CC was 15-30 
mm, the Type A and D drums showed no statistically 
significant differences in the SE and TL. When 
examining the GB, it was found that Types B, D, and A 
drums were not statistically different and that the 
performance of Types A and C drums were not 
statistically different.  However, the P and SEC of Types 
C and B drums, Types B and D drums, as well as Types 
A and D drums showed no statistical differences. In 
contrast, there was a significant statistical difference 
found between the Types A and C drums, as shown in 
Table 3. 
 
Table 3. Comparative results of the statistical averages of SE, TL, GB, P, and SEC resulting from CC. 
 
Drum Type SE TL GB P SEC 
Peg-toothed (A) 97.48a 3.75a 1.32ab 1179c 673c 
Peg-Rasp bar-toothed (B) 88.40b 15.42b 1.18a 1125ab 642ab 
Peg-rectangular-toothed (C) 83.29c 24.47c 1.65b 1086a 621a 
Disc pegs (D) 98.83a 3.46a 0.93a 1164bc 665bc 
The same letter denotes no statistical difference. 
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When the RS was increased from 6 to 14 m/s, the 
differences in both the SE and TL of the Type D drum 
were significant compared to the Types A, B, and C 
drums. When considering GB, Type D and Type B 
drums were not significantly different. However, the P 
and SEC values of the Type C drum were significantly 
different from the Type A, B, and D drums, as shown in 
Table 4. 
 
Table 4. Comparative results of the statistical averages of SE, TL, GB, P and SEC resulting from RS. 
 
Drum Types SE TL GB P SEC 
Peg-toothed (A) 96.59b 6.12b 0.84b 1163c 664c 
Peg-Rasp bar-toothed (B) 87.93c 17.66c 0.63a 1074b 613b 
Peg-rectangular-toothed (C) 87.26c 19.71d 0.87b 978a 558a 
Disc pegs (D) 98.13a 3.53a 0.53a 1066b 609b 
The same letter denotes no statistical difference. 
 
In Tables 3 and 4, it can be seen that the Type D 
drum had had better performance than the Type A drum.  
Given the curved shape of the Type D drum, the impact 
force on maize shelling was reduced [18] resulting in a 
higher SE value, but also resulting in decreases in TL, 
GB, P, and SEC. 
 
3.2. Shelling Efficiency of the Drum Types 
 
From studying the SE of each drum type with a CC 
at 15 mm, it was found that Types D, A, B, and C drums 
showed average SE of 99.51%, 98.61%, 91.51%, and 
87.67% respectively. When considering a CC at 30 mm, it 
was found that Types D, A, B, and C drums had average 
decreases in the SE at 97.99%, 96.05%, 85.46%, and 
78.20%, respectively. Due to the increased CC, the maize 
was less affected by shelling, which resulted in a decrease 
in SE (Fig. 4). The results related to Tunhaw et al. [22], 
who found that the increase of concave clearance had 




Fig.  4. The effect of concave clearance on shelling 
efficiency of various drum types. 
 
At 6 m/ s RS, Types D, A, C, and B drums showed 
average SE of 95.29% , 92.02% , 80.56% , and 77.62% , 
respectively. At an RS of 14 m/s, it was found that Types 
D, A, B, and C drums had had average decreases in their 
SE of 99.79%, 99.28%, 94.28% and 93.81% respectively. 
This was due a higher impact force and a decreased 
resistance caused by an increased RS, resulting in a high 
in SE (Fig. 5).  Yu et al. [23] found that the increase of 
drum rotation rate had tended shelling rates increased, 
and Simonyan [24] found that the increase of the 






Fig.  5. The effect of rotor speed on threshing efficiency 
of various drum types. 
 
3.3. Total Losses Due to Drum Type 
 
Analysis of TL in maize shelling using each drum 
type with a CC at 15 mm showed that Types C, B, A, and 
D drums displayed average TL values of 20.01%, 10.44%, 
2.98%, and 2.42% respectively. When considering a CC 
at 30 mm, it was found that drum types C, B, A, and D 
showed average increases in TL of 28.46%, 19.11%, 
5.25%, and 4.82%, respectively. This was due to the 
increased CC when the maize was unshelled, which 
resulted in an increase in TL as shown in Fig. 6. The 
results related to Petkevichius et al. [25], who found that 
the concave clearance had influenced to the shelling 
DOI:10.4186/ej.2021.25.2.59 
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losses of grains. Moreover, Steponavičius et al. [16], 
discovers that the decrease of concave clearance had 
resulted in the threshing loss decreased, and Pishgar-
Komleh et al. [26] also found that the drum speed had a 
significantly affected on threshing losses.   
The rotor speed test at 6 m/s showed that Types B, 
C, A, and D drums had had an average TL of 32.87 %, 
28.43%, 13.46%, and 6.75% respectively. When the 
shelling RS was adjusted to 14 m/s, it was found that 
Types C, B, A, and D drums had indicated an average 
decrease in TL values of 11.24%, 8.79%, 1.98%, and 
1.34%, respectively. This was due to the increased RS, 
which causes a higher impact force, better shelling and 
thus decreased TL as shown in Fig. 7. The results related 
to Srison, et al. [14] found that the increase rotor speed 




Fig. 6. The effect of concave clearance on total losses of 




Fig. 7. The effect of rotor speed on total losses of various 
drum types. 
 
3.4. Grain Breakage Using Various Drum Types 
 
A concave clearance test with the drum types at 15 
mm showed that Types C, A, B, and D drums had 
average GB values of 1.85%, 1.51%, 0.99%, and 0.85%, 
respectively. After the shelling CC was adjusted to 30 
mm, it was found that Types C, B, A, and D drums had 
average GB values of 1.59%, 1.35%, 1.29%, and 1.01%, 
respectively. This was due to the lack of effect of 
increased CC on the GB as shown in Fig. 8. The results 
related to Wacker [27], and Kiniulil et al. [28], who also 
found that the concave clearance had not significantly 
different in the grain damage. 
For the RS tests with various drum types at 6 m/s, it 
was shown that Types A, C, B, and D drums had average 
GB values of 0.59%, 0.45%, 0.39%, and 0.38%, 
respectively. After the shelling RS was adjusted to 14 m/s, 
Types A, C, B, and D drums showed average increases in 
the GB of 1.27%, 1.24%, 0.77%, and 0.73%, respectively. 
This occurred since increases in RS caused higher impact 
forces. Strong impact between the shelling teeth and the 
maize resulted in increased GB as shown in Fig. 9. 
Pishgar-Komleh et al. [26] and Špokas et al. [29], found 
that the drum speed had significantly affected the grain 
damage. Chansrakoo & Chuan-Udom [30] who also 
concluded that an increased rotor speed has a significant 
effect on grain breakage. 
 
 
Fig. 8. The effect of concave clearance on grain breakage 




Fig. 9. The effect of rotor speed on grain breakage of 
various drum types. 
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3.5. Power Consumption Using Various Drum 
Types 
 
When adjusting the CC of various drum types to 15 
mm, Types A, D, B, and C drums showed average P 
values of 1,187, 1,153, 1,145, and 1,077 W, respectively. 
When the shelling CC was increased to 30 mm, it was 
found that Types D, A, C, and B drums had average P 
values of 1,172, 1,157, 1,068, and 1,101 W, respectively. 
Increasing the CC did not affect the P as shown in Fig. 
10. 
For the RS test with the various drum types at 6 
m/s, it was found that Types D, A, B, and C drums had 
average P values of 895, 796, 789, and 734 W, 
respectively. After shelling, the RS was adjusted to 14 
m/s. Types A, D, B, and C drums displayed average 
increases in the P values to 1,500, 1,245, 1,245, and 1,151 
W, respectively.  The reason for this was that increased 
RS values result in higher impact forces. This in turn, 
resulted in increased P values as shown in Fig. 11. Saeng-
ong et al. [13], Srison et al. [14], and El-Desukey et al. 
[31], discovers that the increase of rotor speed had 




Fig. 10. The effect of concave clearance on the power 





Fig. 11. The effect of rotor speed on power requirements 
of various drum types. 
 
3.6. Specific Energy Consumption of Various Drum 
Types  
 
When adjusting the CC to 15 mm, Types A, D, B, 
and C drums had average SEC values of 678, 659, 654, 
and 615 W-hr/t, respectively. When the shelling CC was 
changed to 30 mm, it was found that Types D, A, C, and 
B drums had average SEC values of 670, 661, 629, and 
610 W-hr/t, respectively. Adjusting the CC did not affect 
the SEC as shown in Fig. 12. 
For the RS test at 6 m/s, it was seen that Types D, A, 
B, and C drums had average P values of 511, 455, 451, 
and 419 W-hr/t, respectively. After adjusting the shelling 
RS to 14 m/s, it was found that Types A, D, B, and C 
drums had an average increase in SEC to values of 857, 
711, 711, and 657 W-hr/t, respectively. This was due to 
the increased RS, which has a strong impact on maize 
shelling resulting in an increase in the SEC as shown in 
Fig. 13. The results related to Saeng-ong et al. [13] who 
found that the increase of rotor speed had tended to 




Fig. 12. The effect of concave clearance on the specific 





Fig. 13. The effect of rotor speed on specific energy 




ENGINEERING JOURNAL Volume 25 Issue 2, ISSN 0125-8281 (https://engj.org/) 67 
3.7. Cumulative Separated Grain of Drum Types 
 
 The cumulative separated grain was examined when 
the CC was 15 mm, the RS was 10 m/s and the grain was 
moving through the concave section in the first 0.1 to 0.3 
m of the shelling unit length. It was found that the 
cumulative separated grain ranged from 32.53% to 
47.17%, and from 31.91% to 45.17% respectively.  This 
was due to grain to falling out of the feeding zone as the 
maize was being shelled. A separation zone existed 
between 0.4 to 0.9 m, where the amounts of shelled and 
separated grains decreased as the length was increased as 
shown in Fig. 14 and 15. The results related to Chuan-
Udom [32], who found that the increase of drum length 
had resulted in the amounts of shelled and grains 




Fig. 14. The effect of concave clearance on amount of 




Fig. 15. The effect of rotor speed on amount of 
cumulative grain of various drum types. 
 
The amount of accumulated grain increased linearly 
in the feed zone (0.0-0.3 m of shelling unit).  After this, 
there was a separation zone (0.4-0.9 m into the shelling), 
in which non-linear accumulation was observed as shown 
in Fig. 16 and Fig. 17. The results related to Chuan-
Udom [32], who found that the cumulative straw 
increased during the feeding zone and when the concave 
rod clearance was large. Zhong et al. [33], found that the 
accumulative threshed grain rate had been increased 
alongside increasing arc length of the concave. Zhong et 
al. [34], also found that the cumulative ratio had been 




Fig. 16. The effect of concave clearance on amount of 




Fig. 17. The effect of rotor speed on amount of 
cumulative grain of various drum types. 
 
3.8. Cumulative Separated Husks and Cobs of 
Drum Types 
 
Based on an analysis of the amounts of husks and 
cobs that fell through the concave portion of the sheller 
at a CC of 15 mm and RS at 10 m/s, the amounts of 
husks and cobs gradually decreased in the first 0.1 to 0.3 
m of the shelling unit. This occurred since there are 
zones for feeding and shelling. Much material fell 
through the concave section, resulting in large amounts 
husks and cobs from this position. After the feeding 
zone (0.4 to 0.9 m of the shelling unit), there was no 
more input material, representing the section of the 
machine where shelling and separation was accomplished.  
Therefore, the amounts of husks and cobs gradually 
decreased as shown in Fig. 18 and Fig. 19. 
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Fig. 18. The effect of concave clearance on the amount 
of cumulative husk and cob of various drum types. 
 
Fig. 19. The effect of rotor speed on the amount of 
cumulative husk and cob of various drum types. 
 
The amounts of accumulated husks and cobs 
increased along the length of the shelling unit. The 
relationship of CC vs. RS is an inverted curve. This 
occurs since large material cannot pass through the 
concave section. When entering the separation area, the 
husks and cobs are removed resulting in size reduction, 
so that material can more easily pass through the concave 
to the chute for maize grain as shown in Fig. 20 and Fig. 
21. 
 
Fig. 20. The effect of concave clearance on the amount 
of cumulative husk and cob of various drum types. 
 
 
Fig. 21. The effect of rotor speed on the amount of 
cumulative husk and cob of various drum types. 
 
4. Conclusions  
 
Several conclusions can be drawn from the results of 
the current study. The concave clearance (CC), rotor 
speeds (RS), and types of drums affected the shelling 
efficiency (SE).  Increases in the CC had affected the 
performance of shelling units using all drum types.  
Increased RS also affected the SE performance using all 
drum types. The shelling unit with the highest SE used a 
Type D drum. 
The CC, RS, and drum type affected the total losses 
(TL). Furthermore, increased CC and RS values impacted 
the TL performance of units using all drum types. The 
shelling unit with the lowest TL used a Type D drum. 
CC and drum type did not have an effect on grain 
breakage (GB) when the CC was increased. Increased RS 
affected GB performance of units with all drum types. 
The sheller with the lowest GB had a Type D drum. 
CC and the drum type did not affect the power 
requirements (P) when the CC was increased. Increased 
RS affected the P requirements of using all drum types. 
The lowest power requirement, P, was for the shelling 
unit with a Type C drum. 
CC and drum type did not impact the specific energy 
consumption (SEC) when the CC was increased. 
Increased RS affected the SEC performance of units will 
all drum types. The lowest SEC was with the Type C 
drum. 
It was shown that for an axial flow shelling unit, the 
Type D drum had the best maize shelling performance.  





The authors are grateful to the Applied Engineering 
for Importance Crops of the Northeast Research Group, 
the Scholarship of Graduated School Khon Kaen 
University, the Scholarship in Research for Dissertation 
of Graduated Student of Faculty of Engineering, 
DOI:10.4186/ej.2021.25.2.59 
ENGINEERING JOURNAL Volume 25 Issue 2, ISSN 0125-8281 (https://engj.org/) 69 
Thailand Toray Science Foundation (TTSF) and Khon 




[1]  J. A. Oladejo, J. O. Ajetomobi, Y. L. Fabiyi, 
“Transactions costs and agricultural household 
supply response of maize farmers in Oyo State of 
Nigeria,” Journal of Agriculture and Social Sciences, vol. 7, 
no. 2, pp. 69-74, 2011. 
[2]  A. Farjam, M. Omid, A. Akram, and Z. Fazell Niari, 
“A neural network based modeling and sensitivity 
analysis of energy inputs for predicting seed and 
grain corn yields,” Journal of Agricultural Science and 
Technology, vol. 16, no. 4, pp. 767-778, 2014. 
[3]  M. Haros, M. P. Tolaba, and C. Suarez, “Influence 
of corn drying on its quality for the wet-milling 
process,” Journal of Food Engineering, vol. 60, no. 2, 
pp. 177-184, 2003. 
[4]  T. J. Wallington, J. E. Anderson, S. A. Mueller, E. 
Kolinski Morris, S. L. Winkler, J. M. Ginder, and O. 
J. Nielsen, “Corn ethanol production, food exports, 
and indirect land use change,” Environmental Science 
& Technology, vol. 46, no. 11, pp. 6379-6384, 2012. 
[5]  P. Ranum, J. P. Pena-Rosas, and M. N. Garcia-Casal, 
“Global maize production, utilization, and 
consumption,” Annals of the New York Academy of 
Sciences, vol. 1312, no. 1, pp. 105-112, 2014. 
[6]  S. Naqvi, K. Ramessar, G. Farre, M. Sabalza, B. 
Miralpeix, R. M. Twyman, T. Capell, C. Zhu, and P. 
Christou, “High-value products from transgenic 
maize,” Biotechnology Advances, vol. 29, no. 1, pp. 40-
53, 2011. 
[7]  V. B. Veljković, M. O. Biberdžić, I. B. Banković-Ilić, 
I. G. Djalović, M. B. Tasić, Z. B. Nježić, and O. S. 
Stamenković, “Biodiesel production from corn oil: 
A review,” Renewable and Sustainable Energy Reviews, 
vol. 91, no. 1, pp. 531-548, 2012. 
[8]  X. Chen and M. Khanna, “Effect of corn ethanol 
production on Conservation Reserve Program acres 
in the US,” Applied Energy, vol. 225, no. 1, pp. 124-
134, 2018. 
[9]  O. N. Bakoye, I. B. Baoua, H. Seyni, L. Amadou, L. 
L. Murdock, and D. Baributsa, “Quality of maize 
for sale in markets in Benin and Niger,” Journal of 
Stored Products Research, vol. 71, no. 1, pp. 99-105, 
2017. 
[10]  G. P. Fox and T. J. O’Hare, “Analysing maize grain 
quality,” Achieving Sustainable Cultivation Of 
Maize. UK: Burleigh Dodds Science Publishing, 
2017, vol. 1, pp. 237-260. 
[11] S. Chuan-Udom, “Operating factors of Thai 
threshers affecting corn shelling losses,” 
Songklanakarin Journal of Science and Technology, vol. 35, 
no. 1, pp. 63-67, 2013. 
[12]  W. Srison, S. Chuan-Udom, and K. 
Saengprachatanarug, “Design factors affecting 
losses and power consumption of an axial flow corn 
shelling unit,” Songklanakarin J. Sci. Technol, vol. 38, 
no. 5, pp. 591-598, 2016. 
[13] P. Saeng-ong, S. Chuan-Udom, and K. 
Saengprachatanarug, “Effects of guide vane 
inclination in axial shelling unit on corn shelling 
performance,” Kasetsart Journal (Natural Science), vol. 
49, no. 5, pp. 761-771, 2015. 
[14]  W. Srison, S. Chuan-Udom, and K. 
Saengprachatanarug, “Effects of operation factors 
for an axial-flow corn shelling unit on losses and 
power consumption,” Agriculture and Natural 
Resources, vol. 50, no. 5, pp. 421-425, 2016. 
[15] S. Chuan-Udom, P. Thongsawatwong, K. 
Saengprachatanarug, and E. Taira, “Peg-tooth 
spacing and guide vane inclination of a Thai 
combine harvester affecting harvesting losses,” 
Engineering and Applied Science Research, vol. 45, no. 2, 
pp. 107-111, 2018. 
[16] D. Steponavičius, E. Pužauskas, L. Špokas, E. 
Jotautienė, A. Kemzūraitė, and S. Petkevičius, 
“Concave design for high-moisture corn ear 
threshing,” Mechainka, vol. 24, no. 1, pp. 80-91, 
2018. 
[17] S. Sudajan, V. M. Salokhe, and K. Triratanasirichai, 
“Effect of type of drum, drum speed and feed rate 
on sunflower threshing,” Biosystems Engineering, vol. 
83, no. 4, pp. 413-421, 2002. 
[18] A. C. Ukatu, “A modified threshing unit for soya 
beans,” Biosystems Engineering, vol. 95, no. 3, pp. 371-
377, 2006. 
[19] Food and Agriculture Organization (FAO). (2000). 
Crop information, Maize, Crop Description and Climate, 
Rome, Italy [Online]. Available: 
http://www.fao.org/land-water/databases-and-
software/crop-information/maize/en/ [Accessed: 
26 December 2019] 
[20] R. Chilur and S. Kumar, “Design and development 
of maize dehusker cum sheller: A technology for 
Northern transition zone of Karnataka, India,” 
Journal of The Institution of Engineers (India): Series A, 
vol. 99, no. 2, pp. 231-243, 2018. 
[21] RNAM, Test Codes & Procedures for Farm Machinery, 
Technical Series No. 12, 2nd ed. Bangkok, Thailand: 
Economic and Social Commission for Asia and the 
Pacific, 1995. 
[22] M. Tunhaw, S. Chuan-Udom, W. Chansrakoo, and 
K. Doungpueng, “Factors affecting shelling 
efficiency and grain breakage of a small maize 
shelling unit,” IOP Conference Series: Earth and 
Environmental Science, vol. 301, no. 1, pp. 1-8, 2019.  
[23] Y. Yu, H. Fu, and J. Yu, “DEM-based simulation of 
the corn threshing process,” Advanced Powder 
Technology, vol. 26, no. 5, pp. 1400-1409, 2015. 
[24] K. J. Simonyan, “Development of a motorized 
stationary sorghum thresher,” Agricultural 
Mechanization in Asia, Africa & Latin America, vol. 40, 
no. 3, pp. 47-55, 2009.    
[25] S. Petkevichius, L. Shpokas, and H. D. Kutzbach, 
“Investigation of the maize ear threshing process,” 
DOI:10.4186/ej.2021.25.2.59 
70 ENGINEERING JOURNAL Volume 25 Issue 2, ISSN 0125-8281 (https://engj.org/) 
Biosystems Engineering, vol. 99, no. 4, pp. 532-539, 
2008. 
[26] S. H. Pishgar-Komleh, A. Keyhani, M. R. Sarkari, 
and A. Jafari, “Assessment and de-termination of 
seed corn combine harvesting losses and energy 
consumption,” Elixir Agriculture, vol. 54, no. 1, pp. 
12631-12637, 2013. 
[27] P. Wacker, “Maize grain damage during harvest,” 
Landtechnik, vol. 60, no. 2, pp. 84-85, 2005. 
[28] V. Kiniulil, D. Steponavičius, A. Andriušis, A. 
Kemzūraitė, and D. Jovarauskas, “Corn ear 
threshing performance of filler-plate-covered 
threshing cylinders,” Mechainka, vol. 23, no. 5, pp. 
714-722, 2017. 
[29] L. Špokas, D. Steponavičius, and S. Petkevičius, 
“Impact of technological parameters of threshing 
apparatus on grain damage,” Agronomy Research, vol. 
6, no. Special issue, pp. 367-376, 2018. 
[30] W. Chansrakoo and S. Chuan-Udom, “Factors of 
operation affecting performance of a short axial-
flow soybean threshing unit,” Engineering Journal, vol. 
22, no. 4, pp. 109-120, 2018. 
[31] N. El-Desukey, E. Mousa, and A. Lotfy, “Feasibility 
of using corn sheller machine in threshing 
sunflower,” Journal of Agriculture and Environmental 
Sciences. Alexandria University Egyptian, vol. 6, no. 3, 
pp. 17-33, 2007. 
[32] S. Chuan-Udom, “Behaviour of grain separation in 
Thai transverse axial threshing units for chainat 1 
rice varity,” Engineering Journal, vol. 19, no. 5, pp. 
155-165, 2015. 
[33] T. Zhong, L. Yaoming, X. Lizhang, and K. Francis, 
“Modeling and design of a combined transverse and 
axial flow threshing unit for rice harvesters,” Spanish 
Journal of Agricultural Research, vol. 12, no. 4, pp. 973-
983, 2014. 
[34] T. Zhong, L. Yaoming, and C. Cheng, 
“Development of multi-functional combine 
harvester with grain harvesting and straw baling,” 
Spanish Journal of Agricultural Research, vol. 15, no. 1, 




Anuwat Pachanawan, photograph and biography not available at the time of publication. 
 
Khunnithi Doungpueng, photograph and biography not available at the time of publication. 
 
Somchai Chuan-Udom, photograph and biography not available at the time of publication. 
